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A Compilation of Historical Data on Hagan Drop Testing with Results 

Tim Stone, Paul Smith, Tristan Karns 

Background 
The Hagan nuclear material storage container was designed in the late 1990’s to provide a robust 
container for daily use, safe transport within the plutonium facility PF-4, and storage of nuclear 
material for up to twenty years. There are currently >3000 loaded Hagan containers in use at TA-
55. The majority of these are in the TA-55 vault, but they are also used in safes and in floor
locations on the main floor of PF-4.  The original design criteria are given below.1

Original Design Criteria (~1999) 
1. Set of five containers ranging in nominal size from one to twelve quart capacities.

2. Each container shall nest into the next larger size, and have a clearance of about two inches on
the height and about ½ inch on the diameter.

3. Containers to be 304 stainless steel and have a body wall thickness on 0.020-
0.032 inch to allow transmission of radiation for nondestructive assay.
4. Container body shall be seamless, have a flat bottom with rounded inner edges, and a 32
standard finish (easy to wipe clean to allow decontamination).

5. The lids shall be of 304 stainless steel and have a positive closure mechanism such as a clamp
or screw.

6. The lid must contain a nuclear materials filter similar to the Nuclear Filter Technology Inc.
model NUCFIL-030.

7. The assembled containers loaded to ½ volume with dry sand must withstand a nine-foot drop
impacting on concrete (flat on bottom, inverted, side of body, and 45 º on lid). The container
must not rupture or leak. Deformation of the container is expected. A test will be performed by
pressurization through the filter hole to 2 psi with the container submerged in water. Container
will pass if no bubbles are observed.

The family of Hagan containers including 1Qt, 3Qt, 5Qt, 8Qt and 12Qt sizes is presented in 
Figure 1.  



Figure 1. A complete set of Hagan Containers (latest design). 
 

Confirmatory drop tests were conducted at various times with varying acceptance criteria as a 
vulnerability assessment of Hagan containers under postulated drop conditions beyond the intial 
design qualification testing to release for production. The impetus for additional testing was 
driven by new anticipated storage container performance criteria- now as specified in Manual 
44.4.1-1.  This testing was performed to understand under what conditions (height, drop 
orientation, gross weight, container size, lid, design, etc.) Hagan containers can be credited to 
protect facility workers. Conditions that cause unacceptable loss of containment include 
container performance issues such as a slipped thread, lid coming off, container cracking, failure 
of the body to collar weld etc. In the case where the container remains intact different test 
methodologies were employed to assess degree (as dropped containers were shown to fail higher 
sensitivity helium leak testing) of release such as bubble count over a specified time interval or 
collection of a surrogate powder post drop as a particulate release gram amount.  
The design of the Hagan container evolved over time, and there is a specific design variable that 
merits explanation. The early Hagan design had approximately four full threads on the lid. The 
design was modified to reduce the number of threads to approximately two at some point in time 
to reduce the chatter during lid closure. After recognition that the “2-threaded” lids might be 
more vulnerable in a drop, the lid was changed back to the “full thread” design  
 
Hagan tare weights are as follows: 
 

Hagan Size Hagan Tare WT. 
(Kg./lbs.) 

 
1-Qt 1.1/2.43 
3-Qt 1.8/3.97 
5-Qt 2.3/5.07 
8-Qt 3.0/6.61 
12-Qt 4.3/9.48 

 



Synopsis of Tests at Various Locations 
Drop tests were conducted at NFT in 1998 from four and eight feet onto an unyielding surface in 
five orientations; on the handle, bottom, side and 450 top and bottom. The package configuration 
involved loading 3.6 Kg dry sand into a pewter can, PVC filtered bag then a polyethylene filtered 
bag. The acceptance criteria was based on bubble leak testing under ~ 5” water column internal  
pressure then submerged in water to check for leakage; considered a pass if no bubbles are detected 
over a 3 minutes observation interval. 

Independent drop testing occurred at LANL (ESA-MT) 2 site in 1999 to determine Hagan design 
vulnerabilities. Helium leak testing was performed before and after as a quantitative pass/fail with 
a pass at of 1x10-5 or better. It is apparent leak testing was done in an outside in mode pulling a 
vacuum on the Hagan connected to a mass spec. then spraying helium around the outside to 
identify any leakage. Masking a leak may occur if the lid remains in place enough post drop that 
when pulled down onto the body under a vacuum compression on the O-ring is realized in cases 
that may have otherwise failed the leak test. Units tested included one, three, eight and twelve 
court sizes, initial drop height onto an unyielding target at  8’; reduced to 6’ if failure occurred at 
8’. Started with twelve quart as the bounding case and tested up to any of 7 impact orientations. 

Drops at NFT Nov./Dec. 20053 involved an assessment of particulate release with 20g Magnetite 
powder as the surrogate material.  Payload weights were based on maximum weights stored in the 
various size Hagans at that time. Test orientation was primarily focused on Center of Gravity over 
corner (CGOC) onto the lid with additional testing involving side drop onto a bar.  It should be 
noted impact in this side orientation impacting on a bar in the vicinity of the weld always resulted 
in failure of the weld, creating a large gap.  Acceptance criteria was not hard set, primary intent 
was observation of particulate release from drop heights of 4’ and 13’ 3” ; clearly if the lid came 
off, or a thread was jumped, or a gap in the weld occurred this was considered a failure. Package 
configuration involved a bagged stainless steel slip-lid taped containing tungsten shot, surrogate 
material ~20g Magnetite powder directly loaded in the Hagan. 

Drop tests at NTRC4 involved testing of Hagan containers as a subset of On-site Storage 
Containers to DOE Draft Manual 441.1-1 Criteria, Nov. 20095. The package configuration was 
15 Kg of tungsten shot loaded in a taped slip lid then placed in the Hagan container.  Only the 8 
Qt Hagan was evaluated from 4’, 8’ and 12’ in CGOC on the lid or side drop orientation.  The 
acceptance criteria involved pre and post drop bubble leak testing at ~ 5 kPa internal pressure 
and a 30s interval. Bubble leak was not applied post 12’ drop as the intent was simply to assess 
the potential for the lid coming off or jumping a thread at that height. Separate testing was done 
to assess the ability of the Hagan closure design to pass a helium leak test to a Manual driven 
design release rate of 1.3 x 10-6 atm cm3/s with heat source plutonium as the bounding case to 
acquire this leakage rate.   Hagan testing occurred in the inside out leak test mode at a small 
differential pressure.  It was concluded for the Hagan closure design, it was not demonstrated 
that it could be consistently assembled and subsequently pass the leak test criteria.  
  

Historical Hagan Drop Test Review 



# 
Tested 

Hagan 
Size 

Gross 
Weight 
Kg/lbs. 

# Lid 
Threads (2 

or 4) 
Drop Orientation Unyielding 

Surface  Test Height   Acceptance Basis Results 
Testing and Validation of Threaded Lid Vented Nuclear Materials Containers, NFT site, 1998 

Package Configuration: 3.6 kg dry sand, pewter can, PVC filtered bag then Polyethylene filtered bag 
Acceptance Criteria:  No bubbles over 3 min. when pressurized to  5” water column  

 
 1 3 Qt ~4.6/10 4 bottom 4 ft. Water bubble leak Pass 

1 “ ~4.6/10 4 CGOC-B 4 ft. “ Pass 

1 “ ~4.6/10  4 Top onto Stiff handle 4 ft. “ Pass 

1 “ ~4.6/10 4 CGOC-L 4 ft. “ Pass 

1 “ ~4.6/10 4 Side 4 ft. “ Pass 

1 “ ~4.6/10  CG0C-B 8 ft. “ Pass 

1 “ ~4.6/10  Top onto Stiff handle 8 ft. “ Pass 

1 “ ~4.6/10  CGOC-L 8 ft. “ Pass 

Independent testing at LANL site (ESA-MT) in 1999 
Package Configuration: Internal configuration not specified 

Acceptance Criteria: Helium leak test with an after drop leak rate of 1x10-5 or better   
 
 1 12 Qt 11/24 4 bottom 8 ft. Helium Leak Pass 1x10-6 

1 12 Qt 11/24 4 handle 8 ft. “ Fail 

1 8 Qt 7/15.4 4 handle 8 ft. “ Pass 1.6x10-6 

1 12 Qt 11/24 4 Parallel flange sheer 8 ft. “ Pass 1x10-6 

1 12 Qt 11/24 4 handle 8 ft. “ Pass 1x10-6 

1 12 Qt 11/24 4 Parallel flange sheer 8 ft. “ Pass 1x10-6 

1 8 Qt 7/15.4 4 Parallel flange sheer 8 ft. “ Pass 1x10-6 

1 8 Qt 7/15.4 4 bottom 8 ft. “ Pass 1x10-6 

1 12 Qt 11/24 4 Base of lid threads top 8 ft. “ Repeat 1x10-6 

1 12 Qt 11/24 4 Base of lid threads bottom 8 ft. “ Fail 

1 12 Qt 11/24 4 CGOC-L 8 ft. “ Pass 1x10-6 

1 12 Qt 11/24 4 90 deg. Side on body 8 ft. “ Fail 1x10-2 

1 12 Qt 11/24 4 90 deg. Side flange 8 ft. “ Fail 

1 8 Qt 7/15.4 4 CGOC-L 8 ft. “ Pass 5x10-7 

1 8 Qt 7/15.4 4 Base of lid threads 15 deg. On lid 8 ft. “ 2x10-8 

1 1 Qt 2/4.4 4 90 deg. Side on body 8 ft. “ Fail 

1 8 Qt 7/15.4 4 90 deg. Side flange 8 ft. “ Fail 



# 
Tested 

Hagan 
Size 

Gross 
Weight 
Kg/lbs. 

# Lid 
Threads (2 

or 4) 
Drop Orientation Unyielding 

Surface  Test Height   Acceptance Basis Results 

1 3 Qt 3/6.6 4 90 deg. Side on body 8 ft. “ Fail 

1 8 Qt 7/15.4 4 90 deg. Side on body 8 ft. “ Fail 

1 3 Qt 3/6.6 4 90 deg. Side flange 8 ft. “ Pass 5x10-8 

1 8 Qt 7/15.4 4 CGOC-L 8 ft. “ Pass 5x10-8 

1 12 Qt 11/24 4 90 deg. Side on body 6 ft. “ Fail 

1 8 Qt 7/15.4 4 90 deg. Side on body 6 ft. “ Fail 

1 3 Qt 3/6.6 4 90 deg. Side on body 6 ft. “ Fail 

1 1 Qt 2/4.4 4 90 deg. Side on body 6 ft. “ Pass 1x10-7 

1 12 Qt 11/24 4 90 deg. Side on body 8 ft. “ Fail 

1 8 Qt 7/15.4 4 90 deg. Side on body 8 ft. “ Fail 

1 5 Qt 4.5/ 4 90 deg. Side on body 8 ft. “ Fail 

1 3 Qt 3/6.6 4 90 deg. Side on body 8 ft. “ Pass 4x10-8 

Drop Tests Results for the Threaded-Top Standard Nuclear Material Container in Nov. & Dec. 2005, Site NFT 
Package Configuration: Bagged stainless steel slip-lid taped containing tungsten shot, surrogate material ~20g Magnetite powder directly in Hagan 

Acceptance Criteria: Failure a jumped thread or lid removal, otherwise assess surrogate release 

10 1 Qt 3/6.5 2 CGOC-L 13 ft. 3” Evaluate Release 10- Lid Intact, visual release  

6 3 Qt 8.1/18 2 CGOC-L 13 ft. 3” “ 1-Lid came off, 1-JT, 4- Lid 
intact, visible release 

6 5 Qt 1.2/26 2 CGOC-L 13 ft. 3” “ 5-Lid Intact, 1 with 
significantly more powder 

    

6 8 Qt 1.6/34.5 2 CGOC-L 13 ft. 3” “ 

4- Lid Intact, 1with 
damaged threads difficult to 
open, 1 unscrewed lid by 1 

¼” and lid could not be 
removed  visible release 

6 12 Qt 20/44 2 CGOC-L 13 ft. 3” “ 1-Lid came off, 5- Lid Intact 

4 1 Qt 3/6.5 2 Side or side handle & bar 13 ft. 3” “ 2-failed weld, 2 intact with 
visible release 

3 3 Qt 8.1/18 2 Side or side handle & bar 13 ft. 3” “ 2- failed weld, 1-Intact with 
visible release 

3 5 Qt 1.2/26 2 Side or side handle & bar 13 ft. 3” “ 2- Intact 

3 8 Qt 1.6/34.5 2 Side or side handle & bar 13 ft. 3” “ 1 failed weld, 2- Intact one 
of which visible release 

4 12 Qt 20/44 2 Side or side handle & bar 13 ft. 3” “ 1 failed weld, 3 Intact two 
of which visible release 

1 1 Qt 3/6.5 2 Bottom 13 ft. 3” “ Intact 

1 12 Qt 20/44 2 Bottom 13 ft. 3” “ Intact 

1 1 Qt 3/6.5 2 CGOC-L 4 ft. “ Lid Intact 



# 
Tested 

Hagan 
Size 

Gross 
Weight 
Kg/lbs. 

# Lid 
Threads (2 

or 4) 
Drop Orientation Unyielding 

Surface  Test Height   Acceptance Basis Results 

1 3 Qt 8.1/18 2 CGOC-L 4 ft. “ Lid Intact 

1 8 Qt 1.6/34.5 2 CGOC-L 4 ft. “ Lid Intact 

1 12 Qt 20/44 2 CGOC-L 4 ft. “ Lid Intact, visible release 

2 1 Qt 3/6.5 2 Side or side handle & bar 4 ft. “ 2- Intact 

2 3 Qt 8.1/18 2 Side or side handle & bar 4 ft. “ 2- Intact 

2 8 Qt 1.6/34.5 2 Side or side handle & bar 4 ft. “ 2- Intact, both visible 
release 

2 12 Qt 20/44 2 Side or side handle & bar 4 ft. “ 2- Intact 

1 1 Qt 3/6.5 2 bottom 4 ft. “ Intact 

1 12 Qt 20/44 2 bottom 4 ft. “ Intact 

3 1 Qt 3/6.5 4 CGOC-L 13 ft. 3” “ 3- Lid Intact with all visible 
release 

3 3 Qt 8.1/18 4 CGOC-L 13 ft. 3” “ 3- Lid Intact with 2 visible 
release  

3 5 Qt 1.2/26 4 CGOC-L 13 ft. 3” “ 3  Lid Intact with 2 visible 
release 

3 8 Qt 1.6/34.5 4 CGOC-L 13 ft. 3” “ 3- Lid Intact with 2 visible 
release 

3 12 Qt 20/44 4 CGOC-L 13 ft. 3” “ 2- Lid Intact with one 
visible release, 1-JT  

NTRC Testing of Hagan containers as a subset of On-site Storage Containers to DOE Draft Manual 441.1-1 Criteria, Nov. 2009 
Package Configuration: Tungsten shot in taped slip lid cans 

Acceptance Criteria: Helium leak tested empty, then pre and post bubble leak testing after loading over 30s at ~5 kPa internal pressure 

2 8 Qt 15/33 4 CGOC-L 8 ft. Water bubble leak test 1-JT, 2-Fail-bubbles too 
numerous to count 

1 8 Qt 15/33 4 CGOC-L 4 ft. “ 1-Fail-bubbles too numerous 
to count 

1 8 Qt 15/33 4 CGOC-L 12 ft. Bubble test not done 1-JT 180o from POI- Fail 

1 8 Qt 15/33 4  Intended CGOC-L 
(was slap down) 12 ft. “ 1-Fail significant bubble 

count 

1 8 Qt 15/33 4 Side on handle 8 ft. Water bubble leak 1-Fail- fewer bubble count 

1 8 Qt 15/33 2 CGOC-L 8 ft. “ 1-Fail- bubbles too 
numerous to count 

1 8 Qt 15/33 2 CGOC-L 4 ft. “ 1-Fail- bubbles too 
numerous to count 

Totals?        

 



   

Summary 
Testing and Validation of Threaded Lid Vented Nuclear Materials Containers, NFT site, 1998: 

NOTE:  Results expressed here were based on initial design qualification evaluation. 

The results of the air-leak after a 1.21 meter (4 ft.) drop test indicates that the container seal was 
not compromised from the drop impact.  Hydrogen diffusivity measurements indicate hydrogen 
gas will be transported through the integral filter and semipermeable membrane at a rate of about 
15 E-06 moles/second/mole fraction.   Filter efficiency tests demonstrate that a reliable seal is 
formed with the sintered stainless steel filter media.  Particle retention of 0.3 to 0.5 micron DOP 
aerosol was measured at greater than 99.97% at an air flow of greater than 210 milliliters per 
minute. Through three different water entry tests, one pressurized at 1 PSIG and two water spray 
tests, it is demonstrated that water will not enter the container.  

 

Independent testing at LANL site (ESA-MT) in 1999: 

Note: Initial design qualification testing, the single inside weld design option is what went 
forward in manufacturing of Hagan containers as a point of clarification to the snynopsis below. 

Most of the 90° side of body orientation drops breached the weld next to the threads, 
pulling them away from the lid and breaking the seal between the lid and body of the can. 
The drop test failures in this orientation caused us to strengthen the area below the lid to 
maintain a leak free seal. After consultation, a collar was added to the one, three, and 
eight quart containers and lengthened on the twelve-quart container. The collar was 
welded inside at the top and outside on the bottom (new generation containers). A new 
five-quart container was being added to our inventory at LANL so it was fabricated with 
the double weld collar (NMC2-05-l ). The new generation containers with double weld 
collars were then dropped in the 90° side of body orientation as before (NMC2-012-2, 
NMC2-08-2, NMC2-05-1 and NMC2-03-1). The new generation three-quart container 
passed the drop test at eight feet; the larger containers failed. The new 
generation container proved to be superior to the original container. The cost of the new 
generation container will be substantial due to the extra fabrication and welding. LANL is 



evaluating cost versus gain and will make a decision to convert to the new container or 
continue to use the existing container in the future. Whether we use the original nuclear 
material container or the new generation container, we have a safer, easy to use container 
with many innovative features. 

Drop Tests Results for the Threaded-Top Standard Nuclear Material Container in Nov. & Dec. 
2005, Site NFT: 

Note:  One noteworthy practice in implementation of the SNMC/Hagan storage container design 
was the implementation of a standard packing configuration; which for residues and oxides 
involved a taped slip lid then a bag out bag which was then placed in the Hagan.  Testing as 
indicated in this synopsis does not credit these inner layers sense the surrogate Magnetite powder 
was purposefully placed directly inside the Hagan prior to testing. 

From the data collected, there is a vulnerability regarding the SNMC during a side impact where 
the container strikes a surface such as a steel bar in the vulnerable area.  To recap, the vulnerable 
area is between the top of the side-handle to the lid, 360 degrees around the SNMC. 

We see that the SNMC has some serious tendencies in the event of the abnormal condition, a 
drop.  This suggests careful handling practices for the SNMC that contains dispersible 
radioactive or nuclear material.  We do recognize that in order for a puff to occur, the inner 
container and bag must fail, and dispersible material must be directly inside the SNMC, so that in 
the event of a drop, there is high likelihood that a certain amount of that dispersible material will 
be puffed SNMCs. 

NTRC Testing of Hagan containers as a subset of On-site Storage Containers to DOE Draft 
Manual 441.1-1 Criteria, Nov. 2009: 

Note:  When the synopsis below refers to the Design Qualification Release Rate this is a greatly 
relaxed release rate allowed per Manual M441.1-1 as a post drop release rate criteria and is on 
the order of 10-3 cc/s as compared to a much more stringent Design Release Rate of more like 
10-6 cc/s as an equivalent leakage value based on plutonium materials in storage.  In any case, if 
the container being tested can pass the Design Qualification Release Rate it would be acceptable 
per the Manual. 

In general the test units faired poorly when compared to the criteria contained in the Draft DOE 
Manual 441.1-1.  The following observations are provided: 

• For the design release rate tests, two SNMCs/Hagans were tested for comparison to 
design release rate criteria, and one of these units was tested several times. Although TU-
1, Test 1, retest 2, TU-1 Test 2, retest 1, TU-1, Test3, retest 1 and TU-5 passed this test, it 
was not demonstrated that the SNMC design could consistently be assembled and 
subsequently pass the design release rate criteria.  Since containers used in the field 



cannot be leak tested when in use, it is important that it can be shown that use of a 
standard assembly procedure consistently results in a high-quality (i.e., leak tight) seal. 

• For the Design Qualification Release Rate, it was found that the SNMC designs, after 
drop testing from either 8 feet or 4 feet could not meet the Design Qualification Release 
Rate criteria. 

REFERENCES 
1. Gladson, J.; Hagan, R. Nuclear material container testing; LA-UR-99-3709; Los Alamos 

National Laboratory: Los Alamos, NM, 1999. 
2. Terry Wickland; Marty Mataya, Testing and Validation of Threaded Lid Vented Nuclear 

Materials Storage Containers 
3. Cindy J. Mills et.al., Drop Test Results for the Threaded-Top Standard Nuclear Material 

Container 
4. M. R. Feldman; James O’Brien, Test Report on Testing of Los Alamos National Laboratory 

On-Site Storage Containers to DOE Draft Manual 441.1-1 Criteria 
5. James O’Brien, DOE M 441.1-1 Chg 1 (Admin Chg), Nuclear Material Packaging 

Attachment A 
 



Drop Test Results for the Threaded-Top 
Standard Nuclear Material Container 

 
Cindy J. Mills, PMT-3, December 2007 

Timothy A. Stone, PMT-3, December 2007 
Tresa F. Yarbro, PMT-3, December 2007 

 

Abstract 
 
Nuclear material handlers use the Standard Nuclear Material Containers (SNMCs) for 
temporary storage of nuclear and radioactive materials.  These SNMCs are found stored 
in the Los Alamos National Laboratory (LANL), Technical Area 55 (TA-55), Plutonium 
Facility (PF-4) nuclear materials storage vault.  In the nuclear materials storage vault, 
SNMCs are stored as high as 9.5 feet.  Program Managers decided that LANL personnel 
should arrange for drop tests, to determine how well the SNMC would perform during a 
drop test.  Later, it was determined to drop the SNMC from 1.2 times the maximum 
storage height, which was the multiplication value documented in the draft DOE 
Packaging Manual. 
 
Nuclear Materials Technology Group, NMT-4 personnel arranged for conducting drop 
tests at Nuclear Filter Technology (NFT) for the five SNMC sizes.  (Nuclear Materials 
Technology is currently Plutonium Manufacturing Technology, and Group NMT-4 is 
currently PMT-3.)  In September, November and December, NFT conducted drop tests of 
SNMC, with NMT-4 personnel observing the tests. 
 
Initially, in the September time frame, the thought was to drop SNMCs and after each 
test, subject the SNMCs to a Bubble Leak Test, per NMT-4’s Systems Engineer.  Upon 
performing the leak test, the SNMCs failed miserably.  These drop tests were not 
thoroughly documented. 
 
In November, NFT performed additional drop tests employing two additional criteria, per 
the Systems Engineer.  These criteria were using a surrogate material directly inside the 
SNMC and dropping the SNMCs in the orientation of center of gravity over center (c-
g/c)..  We used a surrogate material to mimic the respirable fractions of plutonium oxide, 
and we mimicked the packaging of a worst-case scenario.  A typical packaging 
configuration includes an inner stainless steel slip-lid container, in which the material is 
put.  This inner container is taped closed using two wraps of vinyl tape.  The inner 
container is them placed inside a thick walled plastic bag, which is also taped closed with 
vinyl tape.  This bagged inner container is then placed into an SNMC.  In all packaging 
issues, it is rare that material gets out of the inner container and the bag; however, we put 
the surrogate material directly inside the SNMC, to mimic a failure of the inner container 
and bag.  These tests were documented thoroughly. 
 



Abstract, continued 
 
Because these drop tests were documented so thoroughly, the data yielded two distinct 
sets of results.  The first set of results yielded the following:  Two of the drops resulted in 
the complete removal of the lids.  The two SNMC sizes that lost lids were the 3-Quart 
and the 12-Quart.  Losing the lid resulted in a complete breach or loss of surrogate 
material.  Of particular note, these lids were of the 2-threads design.  The second set of 
results yielded the following:  The remaining drops resulted in small amounts of 
surrogate material outside each SNMC, which indicated a small puff of surrogate 
material exited the SNMC, upon impact. 
 
After reviewing the November test results, the Program Managers wanted additional 
criteria added to the drop tests to be conducted in December.  These criteria were having 
full- or 4- thread lids manufactured, and to capture the released surrogate material. 
 
In December, Full- or 4-thread lids were used on SNMCs, and this array dropped.  No 
Full- or 4-thread lid came off.  Of interesting note is that no 2-thread lid came off.  NFT 
personnel were also able to recover the surrogate material puff, using a technique 
suggested by the LANL NMT-4 representative.  In addition, other orientations (side and 
bottom impact sites) were used, and a different drop height of 4 feet. 
 
With regard to the side-orientation impacts, SNMCs struck a 1” steel digging bar, to 
mimic an impact onto a transfer vehicle, used for transporting material in PF-4.  We 
found that side-orientation onto a bar impact yielded more a vulnerable impact 
orientation than the cg/c orientation drops.  On the SNMC, there is a circumferential area 
in the region of the bottom of the lid to the side-handle, where the SNMC is vulnerable to 
denting and subsequent moving of the body away from the lid, resulting in a breach or 
complete loss of surrogate material. 
 
Regardless of the height of the drop, drop orientation, or whether the SNMC was fitted 
with a 2-thread or 4-thread lid, a surrogate material puff at impact was always emitted.  
Using correction factors, the range in puff size was between 1 to 10 mg. 
 
After performing drop tests of the Threaded-Top Standard Nuclear Material Container 
(SNMC), and reviewing the data recorded from the three different months of drop tests, 
we know there are limitations of the SNMC, during an upset condition; specifically, a 
drop test..  The concern about this vulnerability is if dispersible material such as 
plutonium oxide somehow breaches the taped inner container and the taped bag, the 
SNMC would not contain or protect a material handler, in the event of the abnormal 
condition, a drop. 
 
 



Definitions 
 
Word or Phrase Definition 
2-thread SNMC There are two threads machined into the inside 

of the vertical surface of the lid. 
4-thread SNMC There are four or full threads machined into the 

inside of the vertical surface of the lid. 
breach Upon impact, a lid came off, a weld tore, or the 

body threads were deformed away from the lid 
threads. 

catastrophic A resulting situation where a breach causes a 
total loss of powder containment. 

extension collar A collar that is welded onto the Vollrath or 
Polarware stainless steel container to make the 
taller 12-quarts container.  The thread-ring 
color is then welded to the extension collar. 

non-catastrophic A resulting situation where there was a partial 
loss of containment.  

powder puff An observed phenomenon for all non-
catastrophic drops, where an amount of powder 
exits the SNMC (exclude the threads) and is 
deposited on the outside of the SNMC (exclude 
the material in the thread) or in the collection 
bag. 

side-drop vulnerable area An area from the side-handle to the bottom of 
the lid, 360 degrees around that is vulnerable 
during a side-drop onto a stainless steel bar.  If 
an impact occurs within this area, there is a 
high probability that a catastrophic event will 
occur. 

side-handle Refers to the vertical flange welded to the side 
of the SNMC, in two places.  A hole must be 
located in the top of the side-handle, for 
accommodating a Tamper Indicating Device 
(TID) wire for applying a TID.  The side-
handle is also used to hold a pewter shield 
overpack to the SNMC. 

thread-ring collar A collar welded to the top of a Medegan or 
Polarware deep drawn stainless steel container.  
Once welded in place, external threads are cut 
into the collar, creating the external body 
threads. 



Introduction 

Los Alamos National Laboratory (LANL) Technical Area 55 (TA-55), the Plutonium 
Facility (PF-4) supports the use of Threaded-Top Standard Nuclear Material Containers 
(threaded-top SNMC or known within the TA-55 Facility, as the Hagan Container), for 
interim packaging and storing of radioactive and nuclear materials.  The inception of the 
SNMC begins as an assignment given to Roland C. Hagan, a LANL Technical Staff 
Member (retired), by Mr. Hagan’s Group Leader, Dennis L. Brandt (retired).  This 
assignment came about as the result of the Defense Nuclear Facility Safety Board 
(DNFSB) Directive 94-1, a vault container inspections effort [1].  Mr. Hagan worked to 
establish container inspection criteria, for inspecting vault containers.  From completing 
the inspections and reviewing data, Mr. Hagan identified the most common storage 
container issues.  His container design idea took into consideration user safety and 
various attributes, including but not limited to having few parts, a positive closure lid, no 
sharp edges, easy to use, vented, and capability for use with existing nondestructive assay 
techniques.  Mr. Hagan suggested a design idea for standard containers, which he and Mr. 
Brandt recommended to the TA-55 management team, comprised of group leaders and 
alternate group leaders.  The management team consensus was that the container idea had 
merit.  After the management team authorized the design, Mr. Hagan wrote his 
requirements in a memo, and these requirements went out in a LANL Solicitation.  Five 
companies responded to the Solicitation, with two of the five manufacturing container 
prototypes, for evaluation.  Mr. Hagan received prototypes from these two companies, 
and after careful consideration, he chose Nuclear Filter Technology, Inc. (NFT) to 
manufacture his container design idea.  Figure 1 shows the five different sizes of SNMCs, 
and it identifies a few of the parts and areas, of SNMCs, discussed in this document. 

 



Introduction, continued 
 

 
Figure 1



Introduction, continued 
 
Figure 2 shows two container bodies with the exterior threads, lids, and pewter shields. 
 

 
Figure 2 
 
Mr. Hagan and NFT, conducted drop tests from approximately 4’ and 8’ heights.  To 
establish a ground point, the SNMCs were bubble leak tested before the 4’ or 8’ drop.  
Passing criterion was for the SNMC to pass a bubble leak test, after the drop. [2], to 
verify a sealed condition, after the drop impact. 
 
The LANL Materials Engineer conducted the second set of drop tests in January, March, 
and June 1999.  The LANL Materials Engineer performed 8’ drop tests of 4-thread 1-
quart (Q), 3Q, 8Q, and 12Q SNMCs.  There were different orientations or point of impact 
sites.  Included among the different orientations were side-type drop orientations, 
including side impacts and side impacts on the side-handle.  Out of fifteen side-type 
orientation drops, there were twelve failures, and the three passing SNMCs may have 
suspect leak tests.  The drop test results indicated the need for a more robust thread-ring 



Introduction, continued 
 
collar, and other enhancements [3].  NFT manufactured enhanced prototypes, which were 
also drop tested.  The three largest sizes, the newly introduced 5Q, the 8Q and the 12Q, 
even with their collar enhancements, each failed the 8’ drop test.  The 1Q and 3Q did 
pass the 8’ drop test.  The enhanced SNMC would cost more money to manufacture, and 
a cost versus gain evaluation was to occur.  (There are no written records regarding ever 
doing this assessment.  By hypothesis, somebody evidently made a decision to not 
proceed with the enhanced model.)  In the mean time, the existing design was in use for 
storing radioactive / nuclear materials. 
 
Drop Tests 

The August 5, 2003 plutonium-238 uptake incident, resulted in a number of findings.  
One finding in particular, required LANL group NMT-4 to complete packaging 
requirements document.  There were a number of design requirement tests implemented 
in this requirements document NMT-RD-003 [4].  One requirement was to drop the 
SNMC from the highest storage height of the Chemistry Metallurgy Research Building or 
TA-55 storage vault.  Another requirement was to helium leak test the container using the 
Envelope-type method to the “Leak Tight” value stated in ANSI 14.5, American National 
Standard for Radioactive Materials – Leakage Tests on Packages for Shipment.  The 
other motivation for the November and December 2005 drop tests was the draft 
Department of Energy (DOE) Packaging Manual, and TA-55 chose to be proactive about 
ascertaining how the 2-thread SNMC responded in a worst-case upset condition.  In this 
case, the worst-case condition is where we simulated plutonium powder loaded directly 
in contact with the SNMC, the outside container.  To achieve this condition, we 
simulated failures of the standard inner package, an approved inner container and an 
approved bag.  Another part of the test was to drop the SNMC from 1.2 times the highest 
storage location in the TA-55 nuclear materials storage vault.  This 1.2 times factor was 
the value given in the DOE Packaging Manual.  The height of 13’3” was derived from 
multiplying the factor to height of the top front of a tall Bisco Drawer in Room I.  This 
height value is very conservative, because there is only one location for which this 
situation would apply.  Administrative controls could be implemented to prohibit SNMCs 
containing oxide from being stored in the two locations that might cause an operator to 
rest a container on this particular surface.  What this means is that a degree of 
conservatism was built into the drop height, with respect to the drop height required in 
the draft DOE Packaging Manual, of that time.  Of interest is this 13’3” drop height is 
approximately 1.4 times the highest storage height of the TA-55 nuclear materials vault. 

In the past, drop test powder materials used to simulate a worst-case situation, included 
Fluorescein or chalk.  Fluorescein requires the use of a carrier powder, for detection.  
Typically, personnel use flour as the carrier for Fluorescein.  The issue with using chalk 
or Fluorescein on powder is the particle size.  The respective particle sizes for  



Drop Tests, continued 

Fluorescein with flour and chalk are respectively 30 to 180 microns and 3 to 30 microns.  
Respirable plutonium powder has a particle size range of 0 to 3 microns.  To simulate 
respirable plutonium powder, we opted to use Magnetite Powder, having a nominal 
particle size range of 0 to 5 microns.  To further simulate an actual standard package 
containing nuclear material, in addition to using the Magnetite powder we used additional 
materials. 

To simulate an actual standard package containing nuclear materials, we referred to the 
authorized NMT-Division Work Instruction Document, at that time, NMT-WI-021, 
Packaging, Handling, Storing, and Moving Radioactive Materials.  NMT-WI-021 
mandated the use of Vollrath stainless steel slip-lid containers for the inner containers, 
approved bags, and approved vinyl tape.  To simulate the greatest weights of items 
currently stored in the TA-55 nuclear material vault, NFT procured small B-B sized 
tungsten shot and fully loaded the inner stainless steel slip lid container, with tungsten 
shot.  Refer to Figure 3, for the tungsten weights of the different sizes of slip-lid 
containers. 

SNMC Size: 1-Quart 3-Quarts 5-Quarts 8-Quarts 12-Quarts 
Load Weight (lbs.) 4 14 21 28 35 
Slip-lid Container 

Size (qt.) 
5/16 2 2 7/8 5 ½ 8 ½ 

Figure 3 

To perform the November 2005 or first set of drop tests, NFT completed helium leak 
tests and setups of Drop Test Equipment. 

First Set of Drop Tests 
 
In approximately August 2005, we discovered that the 1Q SNMC could not pass the new 
helium leak test leak rate specified in NMT-RD-003.  In September 2005, we discovered 
that the 3Q SNMC could not hold any of the pressure specified in NMT-RD-003. 
Before beginning the November 2005 drop tests, NFT completed a mass-spectrometer 
helium leak test in the Tracer Probe Mode, to verify weld-integrity of all SNMC welds.  
LANL verified these preliminary leak tests.  Before beginning the leak tests, the NFT 
helium leak tester, Level 2, tightens an adapter into the filter port of each SNMC, and the 
mass spectrometer pulls a vacuum on each SNMC.  The leak tester moves the probe 
spraying helium across weld locations, while using a standard scan rate.  If there were 
any cracks or holes in a weld, the vacuum “pulled” helium into the mass-spectrometer, 
and the mass-spectrometer detected the amount of helium.  This testing method is good 
for results measuring at least 1 X 10-6 std-cc/sec.  Each SNMC used in the drop tests, 
passed a leak test.  NFT used a Drop Test Fixture, [4]  Of note is the fact that the Drop 
Test Fixture had a manual crank winch versus the electric winch used in December 2005.  



NFT personnel loaded each helium leak tested Container with a bagged stainless steel 
slip-lid container containing tungsten shot.  Personnel tightened the lid to the body, where 
the lid closure mark was 1/4” past the body closure mark.  Before dropping each 
Container, NFT personnel placed a bag around it.  NFT personnel placed the bagged 
SNMC onto the Drop Test Fixture, beginning with the smallest SNMC, a 1Q size, and 
ending with the largest SNMC, a 12Q size.  NFT dropped seventeen 2-Thread SNMCs in 
the pre-determined vulnerable Center of Gravity/Center (c-g/c) position.  The c-g/c 
position was a point on the edge of the lid, near the filter, which was 45 degrees from the 
steel drop surface.  We have numerous movie files taken with my personal camera to 
verify each Container impacted the surface, in this c-g/c orientation.  What was surprising 
during these drop tests is that there were two catastrophic events, where the lid popped 
off from the side opposite the impact area.  The catastrophic events occurred to one 3Q 
and one 12Q SNMCs.  Refer to Figure 4, for a picture of a catastrophic event. 
 

 
Figure 4 
 



First Set of Drop Tests, continued 
 
In addition, personnel observed two other phenomena.  These phenomena are as follows: 

• For those non-catastrophic events, personnel noted a small amount of powder in 
the bag, and 

• after opening each SNMC, personnel observed an accumulation of powder in the 
first two body threads.  Refer to Figure 5, for a picture showing the powder 
accumulation in the first couple body threads. 

These results were discussed, at length at LANL. 
 

 
Figure 5 
 
After discussion at LANL about the November 2005 results, the outcome included three 
decisions to continue performing drop tests to obtain additional information.  One 
decision was to conduct further drop tests, both for 2-thread and 4-thread lids.  Of interest 
was how the 4-thread lids compared to the 2-thread lids.  In addition to conducting drops 
of the 4-thread lids, we needed to collect and weigh the amount of the non-catastrophic 
puffs.  The third decision was to complete these drop tests before the end of the year.  
After arranging with NFT to complete additional drop tests through LANL Procurement, 
and Buyer, Dale Carmichael, a schedule for conducting the drops during the week of 
December 11, 2005, was decided upon, so that we completed drop tests before the end of 
the year.



Second Set of Drop Tests 
 
LANL and NFT completed additional drop tests at the NFT Site.  NFT manufactured 4-
thread lids for use with SNMC bodies supplied by LANL.  To recover puff, we tried 
different methods.  We unsuccessfully tried a couple of ideas, and they did not prove to 
be effective recovery methods, so I will not go into those ideas here and will not include 
the data.  We finally discovered a good recovery method. 
 
The good recovery method involved using a piece of Blue Masking Tape (blue tape), 
having a specified adhesive quality.  To establish the recovery capability of the blue tape, 
we completed two standards.  The two procedures for establishing the recovery capability 
are as follows: 
First standard 

• Verify the scale is level. 
• Zero the scale. 
• Tare the blue tape. 
• Open an empty bag. 
• Smear the adhesive side of the blue tape over the inside surface of the bag to 

determine how much normal airborne particles apply to our results.  This powder 
also has an affinity to gloves.  Unfortunately, we could not use gloves for 
recovering powder, because they will not remain still enough to obtain a weight. 

• Weigh the tape.  In this case, the tape picked up 0.060 mg. 
Second standard 

• Verify the scale is level. 
• Zero the scale. 
• Tare the blue tape.  
• Put a known quantity of powder in a bag.  In this case we measured 0.332 mg into 

the bag.   
• Open the bag and smear the adhesive side of the blue tape over the surface of the 

bag to determine percent pick up of the powder puff.  When opening the bag, we 
probably lose some powder because of the agitation. People moving, etc.  Any 
holes in bags caused by the impact or bouncing on the surface. 

• Weigh the tape.  In this case the tape picked up 0.137 mg, which is approximately 
43.7% of the original quantity of powder weighed into the bag.  I apply this 
43.7% value as a correction factor to all quantities picked up by blue tape. 

 



13’3” Drop Heights 
We dropped eighteen 2-thread SNMCs and fifteen 4-thread SNMCs, from 13’3”.  The 
orientation was c-g/c.  All drops yielded non-catastrophic events, but the powder puff 
was evident from every dropped SNMC. 
 
Then, we dropped fifteen 2-thread SNMCs in a side orientation onto an approximately 
one-inch steel digging bar, from 13’3”.  Refer to Figure 6 for a picture of the Drop Test 
Fixture, a 1Q SNMC that is oriented for a side drop, and the digging bar.  We observed 
two catastrophic events, and for the remaining non-catastrophic events, we observed the 
puff.  For the two catastrophic events, we saw the impact pushes the body threads away 
from the lid threads, or the weld that holds the collar to the body, breaks.  Refer to Figure 
7, for a picture of the breach of a catastrophic event.  We got very good at predicting the 
strike site where the SNMC was vulnerable to a breach.  We opted not to breach every 
SNMC but to obtain more puff data. 
 
While we were in the midst of completing 1Q SNMC side-drop tests, we exhausted our 
blue tape supply.  Arnold Brassell, NFT Floor Operations Manager, left to procure a roll 
of blue tape.  All that Mr. Brassell found was a roll of white Masking Tape (white tape) 
having a slightly different adhesive quality compared to the blue tape..  We subjected the 
white Masking Tape to the same standard procedures as the blue tape.  By completing 
these standards for the white tape, we observed some very interesting results. 
 
These standard results included the following: 

• The blank bag smear yielded 0.060 mg.  Although this value is the same value 
obtained using blue tape, it is noted that the blue tape was capable of recovering 
only 43.7%% of what dust was actually present.  Of course there are other factors 
to consider, such as turbulence in the air caused by personnel walking by, doors 
closing, heater fan, etc.  This turbulence can cause more or less dust or powder to 
be present for recovery.  But, this test indicated the white tape had excellent 
recovery capability. 

• We loaded another bag with 9.22 mg of powder.  Of this 9.22 mg load, we 
recovered 9.97 mg of powder.  If we subtract 0.060 mg from 9.97 mg of powder, 
we obtain a value that is incredibly close to the original load, indicating the white 
Masking Tape recovers 100% of load.  To be on the conservative side, I will use 
90% when I correct values obtained from using white tape.



13’3” Drop Heights, continued 
 

 
Figure 6 



13’3” Drop Heights, continued 
 

 
Figure 7 
 
Finally, we dropped two SNMCs, at separate times, onto the bottom, from 13’3”.  The 1-
quart and 12-quart SNMCs did not breach, but we did observe the puff. 
 
4’ Drop Heights 
We dropped four 2-thread SNMCs, from 4’.  The orientation was c-g/c.  All drops 
yielded non-catastrophic events, but the powder puff was evident from every dropped 
SNMC. 
 
Then, we dropped eight 2-thread SNMCs onto an approximately one-inch steel digging 
bar, from 4’.  We observed no catastrophic events, but we observed the puff from each 
SNMC.  From the 13’3” side-drops, we knew the vulnerable strike area to cause a breach, 
but we were not successful in causing a breach in any SNMC during the 4’-drops.  This 
inability to cause a breach was disappointing, but showed the SNMC is relatively safe 
from a catastrophic failure from this drop height.  However, the puff was still evident.  
 
Finally, we dropped two 2-thread SNMCs, at separate times, onto the bottom, from 4’.  
The 1Q and 12Q SNMCs did not breach, but we did observe the puff. 
 



All Drop Tests 
In some situations, we could not see the puff collected on the inside of the bag, but we 
could see the accumulation on the blue or white tape.  Researching these observations, we 
found that the human eye can only see particles that are approximately 40 micron or 
larger, in size.  Until these tiny particles are recovered with tape and accumulated in one 
relatively small area, they were not discernable.  Every non-catastrophic drop yielded a 
puff, regardless of the drop height and the drop orientation.  Refer to Figure 8 for a graph 
showing the range of an average puff for a particular drop height, orientation, and number 
of lid threads, versus the size of SNMC.  The only values that are not averages are the 
bottom-type drop results. 
 

 
 
Figure 8 
 
To further enhance the results obtained from 2005 drop tests, in May 2007, NFT 
performed four additional tests to prove that powder did not get into the first two body 
threads, from normal handling.  A 1Q and a 12Q each received a bagged loaded inner 
container and approximately 20 grams of powder.  Each lid was threaded to each body, 
and then, the lid was removed.  The body threads were inspected for powder, and no 
powder was visible.   A second set of tests were performed.  A 1Q and a 12Q each 
received a bagged loaded inner container and approximately 20 grams of powder.  Each 



lid was threaded to each body, the SNMC inverted, the SNMC righted, and then, the lid 
was removed.  The body threads were inspected for powder, and no powder was visible. 
 

Results 

Out of sixty-five drops, there were seven catastrophic failures.  Of 13’3” drops, there 
were two catastrophic c-g/c drops of 2-thread SNMCs, out of a total of 35 drops.  This is 
a failure rate of approximately 5.8%.  There were two SNMCs that had 2-thread lids that 
jumped a thread, a 5Q and a 3Q.  There were no catastrophic c-g/c drops of 4-thread 
SNMCs.  There was one 4-thread lid that jumped a thread, a 12Q.  There were five 
catastrophic events from side drops out of a total of sixteen drops for a failure rate of 
approximately 31%.  This drop seems to be the SNMC’s vulnerability, even over the 
anticipated c-g/center drops, although we do not have data to support whether the 4-
thread SNMC would also be vulnerable to the side drops.  Once we discovered the 
vulnerable area of impact, we could have breached every side-type dropped container.  
Instead, we elected to obtain puff data.  For every non-catastrophic drop, the SNMC 
emitted a powder puff.  This phenomenon seems to occur during impact and occurs 
regardless of size of SNMC, drop height, number of lid threads, or orientation.  Another 
phenomenon that seems to occur during impact is the accumulation of powder in the 
body threads.  This phenomenon also seems to occur regardless of size of SNMC, drop 
height, number of lid threads, or orientation. 

Comparing the 2-thread and 4-thread lids during 13’3” c-g/c drops, we see a tendency 
toward the 2-thread lids coming off, thereby resulting in catastrophic failures..  Although, 
we see this tendency, we can also make an argument that the 4-thread lid was not 
dropped as many times as the 2-thread lid.  In addition, the 2-thread lid only came off 
during the November drop tests.  There is not enough data for making a hypothesis about 
why this occurred. 

Conclusions 
 
From the data collected, there is a vulnerability regarding the SNMC during a side impact 
where the container strikes a surface such as a steel bar in the vulnerable area.  To recap, 
the vulnerable area is between the top of the side-handle to the lid, 360 degrees around 
the SNMC. 

We see that the SNMC has some serious tendencies in the event of the abnormal 
condition, a drop.  This suggests careful handling practices for the SNMC that contains 
dispersible radioactive or nuclear material.  We do recognize that in order for a puff to 
occur, the inner container and bag must fail, and dispersible material must be directly 
inside the SNMC, so that in the event of a drop, there is high likelihood that a certain 
amount of that dispersible material will be puffed. SNMCs 



Recommendations 

It would be interesting to see side-drop tests for 4-thread lids being dropped onto a 
digging bar.  In addition, to see the results after dropping 2-thread and 4-thread lids onto 
an actual transfer vehicle.  Also 4-thread lids c-g over c. 

 

SNMC Surveillance should not only test filters and seals, but it should also include 
radiography and/or mandatory opening/inspecting the inner bag and container, especially 
for those material matrices stored in SNMCs that may have dispersible tendencies. 
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Appendices 
Appendix A: 
November 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  2-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
 
Appendix B: 
November 2005 Drop Test Results Orientation:  Side / Side-handle 
Lid:  2-thread Drop Height:  13’3 
Object:  To simulate a drop onto the handles or side of a transfer vehicle. 
 
Appendix C: 
December 2005 Baseline Results Baseline run for Blue Masking Tape 
Object:  To determine the recovery capability of the Blue Masking Tape, and to determine how much of 
the recovery weight is from dust or pollutants. 
 
Appendix D: 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  2-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
 
Appendix E: 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  4-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
 
Appendix F: 
December 2005 Drop Test Results Orientation:  Side / Side Handle  
Lid:  2-thread Drop Height:  13’3 
Object:  To simulate a drop onto the handles or side of a transfer vehicle. 
 
Appendix G: 
December 2005 Drop Test Results Orientation:  Bottom  
Lid:  2-thread Drop Height:  13’3 
Object:  To simulate a drop onto the bottom of the SNMC. 
 
Appendix H: 
December 2005 Baseline Results Baseline run for White Masking Tape 
Object:  To determine the recovery capability of the White Masking Tape, and to determine how much of 
the recovery weight is from dust or pollutants. 
 
Appendix I: 
December 2005 Drop Test Results Orientation:  Side / Side Handle  
Lid:  2-thread Drop Height:  4’ 
Object:  To simulate a drop onto the handles or side of a transfer vehicle. 



Appendices, continued 
 
Appendix J: 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  2-thread Drop Height:  4’ 
Object:  To strike on edge of lid near filter. 
 
Appendix K: 
December 2005 Drop Test Results Orientation:  Bottom 
Lid:  2-thread Drop Height:  4’ 
Object:  To strike on bottom. 
 
Appendix L: 
May 2007 Results  
  
 
 



Appendix A 
 
November 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  2-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
NOTE:  After opening container, there was a consistent phenomenon of powder collected in the first two body threads. C. J. Mills 
Data recorded by:  J. A. Vargas 
Test 
Number 

Size 
(in 
Quarts) 

Results / Comments 

1 ? No information written. 
2 ? No information written. 
3 ? No information written. 
4 ? No information written. 
5 3 This test was a complete failure. Lid completely popped off. 
6 3 Visible release of powder, but the lid stayed on. 
7 3 There was a minimal release of powder, The lid stayed on.  Note: There is not much powder on the threads of the 

container. 
8 8 Lid stayed on can with minimal release. 
9 8 The lid stayed on the can.  Release was minimal.  The threads were partly damaged and the lid was difficult to remove. 
10 8 There was minimal release of powder in the bag and around the threads of the can. 
11 12 There was a minimal release of powder in the bag and on the threads of the can.  NOTE:  The container took some 

structural damage on the lid and just below the welded portion of the thread-ring. 
12 12 The lid popped completely of this container and there was a definite release of powder.  Total failure. 
13 12 There was a minimal release of powder in the bag and around the threads of the body.  NOTE:  The can sustained the 

same structural damage as test #11. 
14 5 This test showed a definite release of powder.  The amount of powder was more than the rest of the tests that have not 

completely failed. 
15 5 There was a minimal release of powder in the bag and around the threads. 
16 5 There was a minimal release of powder, considering that the lid jumped a thread on the opposite side of impact.  

NOTE:  The lid could not be removed. 



Appendix B 
 
November 2005 Drop Test Results Orientation:  Side / Side-handle 
Lid:  2-thread Drop Height:  13’3 
Object:  To simulate a drop onto the handles or side of a transfer vehicle. 
NOTE:  After opening container, there was a consistent phenomenon of powder collected in the first two body threads.  C. J. Mills 
Data recorded by:  J. A. Vargas 
Test 
Number 

Size 
(in 
Quarts) 

Results / Comments 

17 1 This test was a complete failure.  Major amounts of powder from a broken weld on the upper lip under the thread-ring 
above the side-handle.  NOTE:  This test was a side handle drop test dropped onto a 1-1/4” steel bar. 

18 12 There was a minimal release of powder.  NOTE:  The impact was in the middle of the side-handle.  The container was 
severely damaged on the side, but was not breached. 

 
 
Appendix C 
 
December 2005 Baseline Results Baseline run for Blue Masking Tape 
Object:  To determine the recovery capability of the Blue Masking Tape, and to determine how much of the recovery weight is from 
dust or pollutants. 
Data recorded by:  C. J. Mills 
Standard 
Test 
Number 

Results / Comments 

1 Took empty bag and smeared with tape.  Yielded 0.00060g 
2 Placed a known amount of powder (0.00332g) in bag and shook bag.  Recovered 0.00137g.  Subtract 0.00060, and corrected 

recovery is 0.00077, which is a 43.7% recovery. 
 



Appendix D 
 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  2-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff (g) 

1 1 20.08  Impact was on filter.  Visual release.  Could not recover all of 
release.  Difficulty weighing with cloth recovery method 

Did not calculate 

2 1 24.957  Some visual release.  Difficulty weighing bag to get a tare weight. Did not calculate 
3 1 24.957  Visible powder.  Difficulty weighing release on glove because of 

movement. 
Did not calculate 

4 3   Visual release.  Couldn’t get glove to weigh out. Did not calculate 
5 3 22.144 0.00084 Started using blue Masking Tape for recovery efforts. Blue 

0.00192 
6 3 30.193 0.00410 Jumped a thread opposite the impact point.  Hit on lid next to filter. Blue 

0.00938 
7 5 26.421 0.00199 Hit on corner by filter Blue 

0.00455 
8 5 29.460 0.00187 Hit on corner by filter Blue 

0.00428 
9 5 24.300 0.00147 Modified body Blue 

0.00336 
10 8 27.258 0.00220 Visible release.  Hit on corner next to filter Blue 

0.00503 
11 8 19.90232 0.00224 Visible release.  Hit on corner next to filter Blue 

0.00513 
12 8 20.004553 0.00385 Unscrewed lid by 1-1/4”.  Lid couldn’t be moved.  Visible release.  

Hit on corner next to filter 
Blue 
0.00881 



Appendix D, continued 
 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  2-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff (g) 

13 12 21.18878 0.00420 Hit on corner next to filter. Blue 
0.00961 

14 12 21.44052 0.00170 Hit on corner next to filter. Blue 
0.00389 

15 12 21.69885 0.00480 Hit on corner next to filter. Blue 
0.01098 

16 1 21.80415 0.00346 Visual release.  Hit on filter. Blue 
0.00792 

17 1 22.87220 0.00402 Visual release.  Hit on filter. Blue 
0.00920 

18 1 24.17445 0.00277 Visual release.  Hit on filter. Blue 
0.00634 



Appendix E 
 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  4-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

1 1 22.28325 0.00192  Recovered puff using blue Masking Tape.  Hit on edge of filter.  
Very slight visible release. 

Blue 
0.00439 

2 1 21.60050 0.00090 Hit on edge of filter.  Visible release. Blue 
0.00206 

3 1 21.30052 0.00248 Hit on edge of filter.  Visible release. Blue 
0.00568 

4 3 22.54147 0.00168 4-thread.  No visible release.  Hit on corner near filter Blue 
0.00384 

5 3 22.35531 0.00268 4-thread.  Visible release.  Hit on corner near filter Blue 
0.00613 

6 3 22.89080 0.00289 4-thread.  Barely visible release.  Hit on corner near filter Blue 
0.0066 

7 5 23.03169 0.00312 4-thread.  Hit on corner near filter Blue 
0.00714 

8 5 21.07200 0.00273 4-thread.  Barely visible release.  Hit on corner near filter Blue 
0.00625 

9 5 21.97286 0.00296 4-thread.  Barely visible release but more than previous can.  Hit on 
corner near filter 

Blue 
0.00677 

10 8 21.08816 0.00484 4-thread.  Visible release.  Hit on corner near filter Blue 
0.01108 

11 8 24.3654 0.00274 4-thread.  No visible release.  Hit on corner near filter Blue 
0.00627 

12 8 28.69260 0.00489 4-thread.  Visible release.  Hit on corner near filter Blue 
0.01119 



Appendix E, continued 
 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  4-thread Drop Height:  13’3 
Object:  To strike on edge of lid near filter. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

13 12 21.73989 0.00321 4-thread.  Hit on corner near filter Blue 
0.00735 

14 12 23.82992 0.00227 4-thread.  No visible release.  Hit on corner near filter.  Jumped a 
thread opposite the point of impact. 

Blue 
0.00519 

15 12 23.00550 0.00497 4-thread.  No visible release.  Hit on corner near filter.  ~ one dozen 
metal filings on tape. 

Blue 
0.01137 



Appendix F 
 
December 2005 Drop Test Results Orientation:  Side / Side Handle  
Lid:  2-thread Drop Height:  13’3 
Object:  To simulate a drop onto the handles or side of a transfer vehicle. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

1 3 20.23236 0.00173 Impact 180 degrees from side handle.  Hit on bottom of container.  
Visible release. 

Blue 
0.00400 

2 3 23.27270  Catastrophic event.  Hit just above side handle.  Body deformed 
under lid. 

 

3 3   Catastrophic event.  Impact under weld seam, 180 degrees from 
side-handle.  Body deformed under lid.  Significant release.  Able to 
remove lid and found powder in first two body threads. 

 

4 5 22.57522 0.00245 Impact 180 degrees from side-handle.  No visible release. Blue 
0.00561 

5 5 23.91084 0.00249 Impact 180 degrees from side handle. Blue 
0.00570 

6 8 31.22570 0.00360 We’re getting a feel for where an impact needs to occur for a 
catastrophic event.  We’re trying to finalize these results.  Impact 180 
degrees from side-handle.  Hit 4-1/2” from bottom.  No visible 
release but recovered very fine powder. 

Blue 
0.00824 

7 8 24.12699 0.00336 Impact 180 degrees from side-handle.  No detectable release.  Hit 6-
3/4” from bottom 

Blue 
0.00769 



Appendix F, continued 
 
December 2005 Drop Test Results Orientation:  Side / Side Handle  
Lid:  2-thread Drop Height:  13’3 
Object:  To simulate a drop onto the handles or side of a transfer vehicle. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

8 8   Catastrophic event.  Hit 7-7/8” from bottom.  Visible release.  
Deformed body under lid threads.  Imagine a solid side-handle all the 
way around a container.  If the impact occurs at the top of the side 
handle to the bottom of the lid, the container is vulnerable to 
deformation of the body under the lid or of the welds, in this region. 

 

9 1 20.93265 0.00214 Hit at top of side-handle at 2-3/4” from bottom.  Very little release. Blue 
0.00490 

10 1 20.22153 0.00239 Hit 180 degrees from side-handle at2-3/4” from bottom.  Visible 
release. 

Blue 
0.0055 

11 1 21.22411  Catastrophic event.  Changed to White Masking Tape.  Hit opposite 
side handle, but we’re in the vulnerable area, at 3” from bottom. 

 

12 12 21.90636 0.00417 Hit halfway into side-handle.  Some visible release.  Impact site 6-
3/4” from bottom 

White 
0.00463 
 

13 12 20.10372 0.00508 No visible release.  Hit toward top of side-handle.  Hit at 8-1/4” from 
bottom. 

White 
0.00564 
 

14 12 21.71526 0.00430 Hit right below collar weld (weld between collar extension and body) 
at approximately 10” from the bottom.  180 degrees from side-
handle.  High visible release. 

White 
0.00478 
 



Appendix G 
 
December 2005 Drop Test Results Orientation:  Bottom  
Lid:  2-thread Drop Height:  13’3 
Object:  To simulate a drop onto the bottom of the SNMC 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

7 1 20.17537 0.00399 Landed on bottom. White 
0.00443 

8 12 21.91526 0.00470 Landed on bottom. White 
0.00522 

 
 
Appendix H 
 
December 2005 Baseline Results Baseline run for White Masking Tape 
Object:  To determine the recovery capability of the White Masking Tape, and to determine how much of the recovery weight is from 
dust or pollutants. 
Data recorded by:  C. J. Mills 
Standard 
Test 
Number 

Results / Comments 

1 Took empty bag and smeared with tape.  Yielded 0.00060g 
2 Placed a known amount of powder (0.00922g) in bag and shook bag.  Recovered 0.00997g.  Subtract 0.00060 and the corrected 

recovery is 0.00937.  This is greater than a 100% recovery.  To add a little conservatism, I will use 90% recovery. 



Appendix I 
 
December 2005 Drop Test Results Orientation:  Side / Side Handle  
Lid:  2-thread Drop Height:  4’ 
Object:  To simulate a drop onto the handles or side of a transfer vehicle. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

1 1 24.20235 0.00161 Will concentrate on trying to create a catastrophic event.  Impact 
180 degrees from side-handle and 3” from bottom in vulnerable 
area.  No visible release 

White 
0.00179 
 

2 1 20.25456 0.00385 Will concentrate on trying to create a catastrophic event.  Impact 
180 degrees from side-handle and right under lid in vulnerable area.  
No visible release 

White 
0.00428 
 

3 3 20.28783 0.00430 This is getting boring.  I can’t seem to kill containers from a 4’ drop, 
but we’re still seeing the puff. 
Hit below lid.  No visible release. 

White 
0.00478 
 

4 3 20.44609 0.00557 Hit 5-1/2” from bottom White 
0.00619 

5 8 23.81084 0.00415 Hit right below lid, at 9” from bottom.  Visible release. White 
0.00461 

6 8 22.64087 0.00778 Dropped bar on SNMC.  Hit above side-handle.  Visible release. White 
0.00864 

7 12 20.84475 0.00803 Hit just below collar weld, 10” from bottom.  Very slight visible. White 
0.00892 

8 12 20.72205 0.00338 180 degrees from side-handle.  Hit just under lid, on collar.  No 
visible release 

White 
0.00376 
 

 



Appendix J 
 
December 2005 Drop Test Results Orientation:  Center of Gravity / Center 
Lid:  2-thread Drop Height:  4’ 
Object:  To strike on edge of lid near filter. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

1 1 22.39371 0.00234 Hit on filter. White 
0.00260 

2 3 21.61239 0.00227 Hit on filter.  No visible release White 
0.00252 

3 8 20.88222 0.00571 Hit next to filter on edge.  No visible release. White 
0.00634 

4 12 21.32807 0.00426 Slight visible release.  Hit on edge next to filter White 
0.00473 

 
 
Appendix K 
 
December 2005 Drop Test Results Orientation:  Bottom 
Lid:  2-thread Drop Height:  4’ 
Object:  To strike on bottom. 
NOTE:  After opening containers, there was a consistent phenomenon of powder collected in the first two body threads. 
Data recorded by:  C. J. Mills 
Test 
Number 

Size 
(in 
Quarts) 

Initial 
Load 
(g) 

Recovered 
Puff 
(g) 

Comments Corrected Puff 

1 1 20.17537 0.00399 No visible release. White 
0.00443 

2 12 21.91526 0.00470 No visible release. White 
0.00522 
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NUCLEAR MATERIAL CONTAINER TESTING 

Abstract 

Jane Gladson and Roland Hagan 
Securities and Safeguards Group 
Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

The Los Alamos Nuclear Materials Technology Division (NMT) in collaboration with 
Nuclear Filter Technology, Inc. [1] (a commercial supplier) has fabricated and tested new 
nuclear material containers. The containers are designed for daily use, safe transport 
within the facility, and storage up to twenty years. They are outer containers used in a 
layered packing configuration with the nuclear material in an inner package. These 
containers are not used outside the facility. The Facility has invested over a million dollars 
in the design, testing and procurement of these containers and has them in local stock for 
routine use. Los Alamos evaluated the effectiveness of the previous storage containers 
and found that many had safely contained nuclear material but that a limited number had 
failed. The results of a three-year study established the design requirements for the new 
containers. They must be easily opened/closed, not allow pressurization, be fabricated 
with 304 stainless steel, allow all nondestructive assay methods to be used, be easy to 
decontaminate, assure high reliability for containment, maintain a leak tight seal if 
dropped, and meet safeguards and <;riticality requirements. The containers are available in 
five sizes, from one to twelve quarts, and nest one into another. This paper describes the 
design and quality assurance requirements and the results of an extensive testing program 
used to qualify the nuclear material containers. 

Introduction 

The Nuclear Materials Technology (NMT) Division at the Los Alamos National 
Laboratory (LANL) is responsible for the research and development of nuclear materials 
and is accountable for the nuclear materials in process and in storage. LANL's response 
to the Defense Nuclear Facility Safety Board directive 94-1 [2] requires continual 
handling, nondestructive assay and repackaging of these materials. Legacy materials from 
past programs datin back to the Manhattan Project in the 1940's exist in storage today. 
These materials are stored for their strategic value and because of their hazardous nature. 
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Background 

After a 3-year study that evaluated more than 2,000 storage items, we discovered a limited 
number of the containers used in storage had failed over time. Each item was opened, 
inspected, and in some cases repackaged into a safer configuration and/or container. An 
inspection sheet was filled out for each item, failures were often photographed and a 
database was established to assure adequate documentation for this project. Design 
criteria for a reliable storage container was created from the information gathered from 
this study. Nuclear Materials Technology Groups were asked to designate a person to 
give ideas, advice, and information concerning the use and storage of containers. 

Design Criteria 

The most important container design concern is user safety. The containers must be 
robust, have few parts, and no sharp edges to cut or puncture gloves. They need to be 
easy to use and decontaminate for reuse. A vent was mandatory to prevent gas buildup 
and pressurization. Containers had to fit through existing bag-out ports and nest one into 
another for over-packing. Existing nondestructive assay techniques were to be used 
without modification and the containers had to meet safeguards and criticality 
requirements. Our study demonstrated that tin plated containers could corrode over time. 
304 stainless steel was designated as the material for the body and lid because no problems 
were encountered with items that had been stored for several years in stainless steel 
dressing jars. A positive closure lid was a requirement to assure a good seal because many 
of the failures had occurred with lids that were taped closed. Over time the tape can 
degrade and create a possible contamination problem. (Table 1 for Design Criteria.) 

TABLE 1 

DESIGN CRITERIA 
1 Set of four containers ranging in nominal size from one to twelve quart capacities. 
2 Each container shall nest into the next larger size, and have a clearance of about two inches on th.e height 

and about Y2 inch on the diameter. 
3 Containers to be 304 stainless steel and have a body wall thickness of0.020-0.032 inch. to allow 

transmission of radiation for nondestructive assay. 
4 Container body shall be seamless, have a flat bottom with rounded inner edges, and a 32 standard 

finish (easy to wipe clean to allow decontamination) . 
5 The lids shall be of 304 stainless steel and have a positive closure mechanism such as a clamp or screw. 
6 The lid shall be water tight sealed with an o-ring or rubber gasket. 
7 The lid must contain a nuclear materials filter similar to the Nuclear Filter Technology Inc. 

model NUCFD..-030. 
8 The assembled containers loaded to Y2 volume with dry sand must withstand a nine-foot drop impacting 

on concrete (flat on bottom, inverted, side of body, 45° on lid). The container must not rupture or leak. 
Deformation of the container is expected. A test will be performed by pressurization through the filter 
hole to 2 psi with the container submerged in water. Container will pass if no bubbles are observed. 



Vendor Selection for Container Fabrication 

The design criteria were sent to twelve companies requesting their designs to meet our 
specifications. Three companies sent drawings and two companies agreed to make 
prototypes for our evaluation. Prototypes were ordered for evaluation from the two 
companies. Each set of prototypes met our design criteria. Experienced technicians 
assessed each set of containers and selected the container design we are now using 
because it was easier to open and close and had fewer parts (see containers with handles 
in Figure I) . Nuclear Filter Technology, Inc. is the manufacturer of our nuclear material 
containers. Tests were performed on the container to assure reliability before 
procurement. 

FIGURE I 
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Additional Features 

Additional features were added to the containers at our request. The filter can be removed 
and replaced if necessary and the lids and bodies are interchangeable. LANL's 
Operational Security required a tamper- indicating device (TID) on the filter. A TID wire 
is welded from the filter to the container lid to enhance safeguards. The raised filter 
minimizes possible water entry through the Gore-Tex liner. A fold down handle replaced 
the rigid handle on the container. Containers have a side flange, which may be used to 
secure a new shielding over-pack and aid in opening and closing the container. The side 
flange on the body of the container contains a hole to attach a cable style TID to the lid. 
(Figure 2) 

FIGURE2 
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Initial Drop Tests 

To verify the containment capability of the container, LANL and the manufacturer 
conducted drop tests followed by qualitative leak tests. LANL performed drop tests at a 
height of eight feet with a loaded container in four orientations with bubble tests before 
and after each drop. Drop orientations were difficult to maintain on the containers. 
Modifications to the original design were made as indicated by the testing results. Drop 
tests were conducted with a loaded container by the manufacturer at a height of four feet 
and eight feet onto an unyielding surface in five orientations; on the handle, bottom, side, 
and 45° on top and bottom to verify leak tightness under impact. After the drop test the 
container was pressurized to 5" water column differential and submerged in water to 
check for leakage. Nuclear Filter Technology, Inc. and Rocky Flats recorded the results 
of the drop tests [3]. Testing results verified a reliable container and they are now in use 
at LANL and Rocky Flats. Later, Verification and Certification by an independent 
division at LANL to determine vulnerabilities in the new container was recommended. 

Manufacturers Testing, Qualification and Records 

Each filter is leak and efficiency tested by the manufacturer. A hydrogen diffusivity test is 
conducted to verify that filter diffusivity characteristics exceed the WIPP requirements or 
venting filters. Gore-Tex liners over the filters are individually pressure tested at 40" to 
50" column pressure to verify that there is no water entry. The filters are WIPP certi.fied 
for Nuclear Materials. The containers are leak tested, serialized and checked for 
interchangeability (two sets of master containers were fabricated by the manufacturer for 
test purposes, one set was retained by the manufacturer, the other by LANL). The filter 
and containers are manufactured and tested according to the manufacturers Quality 
Assurance (Q.A.) Program. Nuclear Filter Technology developed their Q.A. Manual to 
meet requirements contained in ASME NQA-1-1989, N45.2-1986 [4]. The manufacturer 
retains records concerning testing and qualification of the containers and filters. 

LANL Testing and Records 

Nuclear Materials Technology (NMT) personnel perform Quality Assurance tests on up to 
10% ofthe containers in each shipment at the manufacturer's plant before they are shipped 
to LANL. Containers are selected at random, the welded TID wire is removed from the 
filter, and a leak test and inspection is performed (Table 2). Upon arrival at LANL 1000/o 
of the shipment receives a visual inspection as described in Table 3. Up to 10% of the 
shipment is helium leak tested (quantitative measurement result). Water intrusion tests 
are also performed. If a container fails any of the tests, 100% ofthe containers are then 
tested and all failures rejected. Records are retained on all Q.A. tests, inspections, and 
documentation. A permanent database is also retained with the same information. 
Containers can be cross-referenced using serial numbers retained in the database if 
necessary. 
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TABLE2 

CONTAINER QA TESTS PERFORMED BY LANL 
AT THE MANUFACTURER'S FACILITY 

Interchangeability, all parts with the master container. 
Height within + 0.2 inch 
Diameter within + 0.2 inch. 
Free of burrs and defects. 
Labels are correct. 
Containers are clean 
Lid and body passes pressure test 
Container D3SS or fail 
lnst>ector initials the i~on form. 

TABLE3 

CONTAINER FINAL ACCEPTANCE TESTS AT LANL 
Container serial number is recorded. 
Filter number is recorded. 
Visual inspection verifies no container damage. 
Labels in place and correct. 
Tamper indication wire welded in place. 
Containers D3SS or fail. 
Inspector initials the final inspection form. 

Verification and Certification Drop Tests 

Drop tests were designed and conducted at LANL's Engineering Science Applications
Measurement Technology (ESA-MT) at LANL by a Materials Engineer. A helium leak 
test was performed on each container before and after the drop test to give us a 
quantitative pass/fail Containers have the same wall and lid thickness but vary in size: 
twelve, eight, three and one quart. The Materials Engineer recommended the testing 
focus on the largest (most vulnerable) container. Each drop orientation was tested with 
the largest container (twelve-quart) first. If it failed, the next size smaller was tested. If a 
container passed the drop test, no further testing was necessary in that drop orientation. 
The initial drop test height was eight feet and if each size container failed that orientation, 
they were then tested at a six-foot drop in the same orientation (starting with the twelve
quart can). The containers were loaded and dropped in seven impact orientations. The 
Materials Engineer rigged the containers on guidelines to assure the drop was in the 
correct orientation. The test passed if the container had an after drop leak rate of lxl0-5 
or better. The acceptable leak rate will not allow the minimum particle size contamination 
to pass through a leak hole (we use the same criteria used to test glove boxes before they 
are approved for use with nuclear materials). Each drop test was videotaped and/or 
captured by still photos. Notes and results were recorded. The results of the LANL drop 
tests are shown in Table 4. 

.I 
I 
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TABLE4 

KEY TO TEST CODE 1F8 ie. NMC-12 can, upright impact, dropped 8 foot. 

CONTAINERS Drop configuration (impact) DROP DISTANCE REPEAT THE 
TEST 

1 =NMC-12 can A=Inverted impact 4= 4'drop none= first test 
2=NMC-8can B=45 degree lid 6 = 6' drop a =second test 

3 =NMC-3 can C=90 degree Side on Body 8 = 8'drop b =third test 
4=NMC-lcan D=Parallel Flange Shear c =fourth test 
5=NMC2-5 can E=Base of Lid threads 

F=Uprigbt impact 
G=90 degree Side Flange 

CONTACT PASS/FAn. 
BODY TEST TOTAL AREA OF PRE-DROP AFT-DROP REPEAT 
ID Code WT. CAN LEAK LEAK RIP IF TEST DATE 

RATE RATE 
120043 1F8 11.001 kg. bottom 1x10-6 1x10-6 p 1/6/99 
120034 lAS 11.000 kg. handle 1x10-6 F 1/6/99 
800019 2A8 6.999 kg. handle sniffer Repeat 1nt99 
80115 2A8a 7.013 kg. handle 8x10-7 1.6x10-6 p 1nt99 
120038 108 11.000 kg. flange 1x10-6 1x10-6 p 1nt99 
120028 1A8a 11.001 kg. handle lx10-6 lxl0-6 p 1nt99 
120046 1D8a 11.001 kg. flange 1x10-6 1xl0-6 p 1nt99 
80109 208 7.000 kg. flange 1x10-6 1x10-6 p 1nt99 
80145 2F8 7.000kg. flat bottom 1xl0-6 1x10-6 p 1nt99 
120026 1E8 11.000 kg. top 1x10-6 1x10-6 Repeat 1/11/99 
120030 1E8a 10.999 kg lid bottom 1x10-6 F 1/ll/99 
120027 1B8 11.002 kg. 45 d. on lid 1x10-6 1x10-6 p 1/11/99 
120042 1C8 11.001 kg. 90d. body 1x10-6 1x10-2 F l/1l/99 
120049 1G8 10.999 kg. 90 d. flange 1x10-6 F 1/ll/99 
80124 2B8 7.003 kg. 45 d. on lid 4x10-8 5x10-7 p l/11/99 

/' 80123 2E8 7.001 kg. 15 d. on lid 3x10-7 2x10-8 p 1/11/99 
10141 4C8 2.000 kg. 90 d. body 2.4x10-7 F 3/2/99 
80200 2G8 7.001 kg. 90 d. flange 5x10-8 F 3/2/99 

:"\ 30282 3C8 2.999 kg. 90d. body 4.8x10-8 F 3/2/99 
80202 2C8 7.000 kg. 90 d. body 5.8x10-8 F 3/2/99 
30280 3G8 3.003 kg. 90 d. flange 5x10-8 5x10-8 p 3/2/99 
80203 2B8 7.001 kg. 45 d. lid 5x10-8 5x10-8 p 3/2/99 
12058 1C6 10.999 kg. 90d. body 6x10-8 F 3/2/99 
0216 2C6 7.001 kg. 90 d. body 5x10-8 F 3/2/99 

30281 3C6 3.000kg. 90d. body 4.4x10-8 F 3/2/99 
10139 4C6 2.000 kg. 90 d. body 9x10-8 1x10-7 p 3/2199 
NMC2-012-2 1C8a 10.999 kg. 90d. body 5x10-8 F 613199 
NMC2-08-2 2C8a 7.000kg. 90 d. body 4x10-8 F 613/99 

_.,J l\'MC2-05-1 5C8 4.502 kg. 90d. body 4x10-8 F 6/3/99 
NMC2-03-1 3C8a 3.000kg. 90d. body 3.8x10-8 4x10-8 p 613/99 
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Conclusion 

Most of the 90° side of body orientation drops breached the weld next to the threads, 
pulling them away from the lid and breaking the seal between the lid and body of the can. 
The drop test failures in this orientation caused us to strengthen the area below the lid to 
maintain a leak free seal. After consultation, a collar was added to the one, three, and 
eight-quart containers and lengthened on the twelve-quart container. The collar was 
welded inside at the top and outside on the bottom (new generation containers). A new 
five-quart container was being added to our inventory at LANL so it was fabricated with 
the double weld collar (NMC2-05-l ). The new generation containers with double weld 
collars were then dropped in the 90° side of body orientation as before (NMC2-012-2, 
NMC2-08-2, NMC2-05-1 and NMC2-03-1). The new generation three-quart container 
passed the drop test at eight feet; the larger containers failed (see Table 4). The new 
generation container proved to be superior to the original container. The cost of the new 
generation co tainer will be substantial due to the extra fabrication and welding. LANL is 
evaluating cost versus gain and will make a decision to convert to the new container or 
continue to use the existing container in the future. Whether we use the original nuclear 
material container or the new generation container, we have a safer, easy to use container 
with many innovative f~tures. 
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